ABSTRACT: The feeding preferences of small, invertebrate herbivores inhabiting the brown alga Zonaria angustata were examined. The 2 most common herbivores, the amphipods Tethygeneia sp. and Hyale rubra, consumed Z. angustata, strongly preferring the meristematic region at the apex of each branch. Amphipod preference for new growth and the extent of damage to plants in the field suggest that they may cause considerable damage to 2. angustata. In contrast to the common preconceptions about the diets of such herbivores, amphipods did not consistently prefer to consume the most abundant epiphytes of 2. angustafa ahead of the host macroalga itself. Z. angustata was not a homogeneous food source for amphipods. Amphipod feeding was negatively correlated with the density of phlorotannin-containing physodes in, but not with toughness of, the tissues at the apex of each branch. This correlation indicated that the pattern of damage to Z. angustata was most likely a result of within-plant vanation in the amount of secondary chemicals This variation occurred over only a few millimetres but influenced amphipod feeding due to their ability to select between algal tissues at a very small scale.
INTRODUCTION
Marine macroalgae are commonly associated with a diverse assemblage of small invertebrates, many of which are herbivores and potentially consume their host plants. Collectively referred to as 'mesograzers' (Hay et al. 1987) , these small herbivores include amphipods (e.g. Duffy 1990 ), isopods (e.g. Arrontes 1990 ), small crabs (e.g. Coen 1988 ), polychaetes (Fauchald & Jumars 19791, dipteran larvae (e.g. Robles & Cubit 1981) , shrimps and small molluscs (Brawley 1992) . Studies of marine herbivory have focused primarily on large and conspicuous herbivores: fish and urchins in tropical regions, and gastropods and urchins in temperate regions. Despite their high abundance, often in the order of thousands per square metre of substratum, the way in which small, mobile herbivores affect algae is poorly understood (Brawley 1992) . ' Present address: School of Biological Science, University of New South Wales, PO Box 1, Kensington, NSW 2033, Australia Mesograzers inhabiting macroalgae have the opportunity to feed not only on their host plant but also on a wide variety of epiphytes that commonly foul macroalgae (D'Antonio 1985 , Wahl 1989 . Epiphytes are usually detrimental to the host, with negative effects including shading, decreased carbon uptake, competition for nutrients, increased drag and the risk of damage by large herbivores of the epiphytes (Sand-Jensen 1977 , D'Antonio 1985 , Wahl 1989 ). The feeding preferences displayed by mesograzers between the host and its epiphytes therefore have great significance for host plant fitness. Mesograzers may affect their host indirectly through removal of epiphytes, or directly through consumption of host plant tissue. Numerous studies have shown that mesograzers have the ability to reduce the epiphyte loads of algae, potentially benefiting their host (e.g. D 'Antonio 1985 , Brawley & Fei 1987 , Duffy 1990 .
The feeding preference of mesograzers has also been of interest recently due to the hypothesis of Hay et al. (1987) regarding the interaction between small marine herbivores and algal chemical defences. In common with terrestrial plants, algae contain a wide variety of secondary metabolites, many of which act as herbivore deterrents. These include terpenes, aromatic compounds, acetogenins, amino-acid-derived substances and polyphenolic compounds (Hay & Fenical 1988) . Polyphenolic compounds, known as phlorotannins, are found only in the brown algae and are localised within highly refractive subcellular bodies termed physodes (Ragan & Glombitza 1986) . Hay et al. (1987) argued that amphipods that both feed and live on their host plants may experience lower levels of predation by consuming algae that are chemically defended against omnivorous or herbivorous fish. It was suggested that the relationship between mesograzers and the algae they inhabit may be similar to that of insects and terrestrial plants, with host plant choice often influenced by predation. This and later studies on amphipods, polychaetes, crabs and ascoglossan gastropods demonstrated similar patterns, in which small herbivores are resistant to chemical defences that effectively deter larger herbivores (reviewed in Hay & Fenical 1992 , Hay & Steinberg 1992 .
Be11 (1991) criticised Hay et al.'s (1987) hypothesis, arguing that amphipods rarely eat macroalgae in the field, preferring to feed upon small epiphytes. She also argued that because amphipods are seldom specialist herbivores, and may feed from a variety of epiphytes while living on a single host plant, a strong relationship between amphipod feeding preference and algal secondary chemistry is unlikely (but see reply by Duffy & Hay 1991a ). Be11 (1991 suggested that the 'amphipod-epiphyte linkage ... deserves critical attention because small epiphytic plants on macroalgae may be the more appropriate scale over which to judge feeding preferences'.
This study investigated the feeding preferences of mesograzers inhabiting Zonaria angustata (Kiitzing) Papenfuss (Phaeophyta: Dictyotales) on the small scale suggested by Be11 (1991) . The potential impact of the 2 most common mesograzers, the gammaridean amphipods Hyale rubra (Thomson) and Tethygeneia sp., on Z, angustata was investigated by determining their feeding preferences between different parts of their host plant, and between their host plant and its epiphytes. Within-plant preference was examined because preliminary observations indicated that amphipod feeding was not evenly distributed on Z. angustata. Most studies of marine herbivory have treated algae as a homogeneous food source for herbivores, and have not considered the importance of withinplant variation. Possible reasons for within-plant feeding preference were examined by recording the distribution of physodes and toughness in different tissues of Z. angustata.
MATERIALS AND METHODS
Study site and organism. Zonaria angustata and its associated invertebrates were collected from deep rock pools and the shallow subtidal region at Barwon Heads, Victoria, Australia (38" l ? ' S, 144"301 E) . This species has many branches, 2 to 5 mm wide and up to 15 cm in length, and is common on exposed and moderately exposed coasts in southeastern Australia (Womersley 1987) . It often supports heavy epiphyte loads. The secondary compounds of algae in the order Dictyotales are well known and a diverse collection, including terpenoids, acetogenins, alkylated phenolics and Cl, hydrocarbons, in addition to the phlorotannins present in most brown algae, has been isolated (Faulkner 1984) . In the only study of the secondary chemistry of Z. angustata, Blackman et al. (1988) reported the presence of a phloroglucinol derivative identical to that found in northern hemisphere species of Zonaria (Gerwick & Fenical 1982) .
Species composition of invertebrate fauna. The most common potential herbivores inhabiting Zonaria angustata were idenhfied for use in feeding preference experiments by an initial description of the invertebrate fauna associated with this alga. The entire invertebrate fauna associated with 5 plants from Barwon Heads was sampled on 16 March 1992. The plants were quickly enclosed underwater in fine mesh bags, sealed and brought to the surface. In the laboratory, the invertebrates were removed from the algae by three 1 min immersions in fresh water separated by 1 min periods in seawater, as described in Holrnlund et al. (1990) . All invertebrates retained on a 500 pm sieve were collected. The algae were examined carefully under a dissecting microscope for invertebrates not removed by the freshwater technique.
Feeding preference experiments. Amphipods were tested for feeding preference within different parts of Zonaria angustata, and between Z. angustata and 5 of its commonest epiphytes. Feeding preference experiments between 2 food types were designed and analysed according to Peterson & Renaud (1989) with modifications to allow for the simultaneous testing of 2 consumer species. I adopted their definition of feedng preference, with preference being 'measured by quantitative comparison of amounts eaten' given that the consumer has a choice between food types.
Each experimental unit consisted of a choice of 2 pieces of algae in a 50 m1 plastic container filled with seawater. Each algal piece was initially blotted dry on tissue paper and its wet mass recorded to 0.1 mg. The experimental units were assigned haphazardly to 3 treatments, with 20 replicate containers for each treatment. The treatments were: addition of 1 indvidual of Tethygeneia sp., addition of 1 individual of Hyale rubra, and a control without amphipods. The units were placed on trays in a controlled temperature room at 16°C under a 10.5 h light:13.5 h dark cycle. After 24 h the algal pieces were blotted dry and reweighed.
Large amphipods were used to ensure that the amount of algae consumed could be recorded by mass changes. Animals were used singly to avoid any behavioural interactions that may influence feeding preference. Feeding in the laboratory was not continuous and amphipods were starved for 24 h prior to the start of the experiment to minimise the number of amphipods that did not feed. The experiments were run for only 24 h to prevent either of the food types from being totally consumed and to minimise changes in mass not due to herbivory. In all cases the algal pieces were free of visible epiphytes and brushed clean of detritus.
For each experimental unit the value recorded for analysis was the difference in mass change between the 2 food types (Peterson & Renaud 1989) . This method accounts for the possibility that change in mass not due to herbivory (i.e. growth or decay) may differ between the 2 food types. The difference in mass loss between the 2 food types was analysed using ANOVA with the 2 experimental treatments and the control being 3 levels of 1 factor. Two planned comparisons, which indicated whether each amphipod species had displayed a feeding preference, were conducted for each experiment: that between the levels Tethygeneia sp. and control, and that between the levels Hyale rubra and control.
The uninformative cases in which the amphipod died, consumed no algae, or consumed all of both types, were excluded from the analysis.
The within-plant preference experiment consisted of the choice between new growth from the apical region of Zonaria angustata cut from each branch approximately 3 mm from the apex, and visibly paler than the tissue below, and older growth cut from below this region. The 5 epiphyte taxa, subjectively judged most abundant, were Ulva rigida C. Agardh, Colpomenia peregrina (Sauvageau) Hamel, Chaetomorpha coliformis (Montagne) Kiitzing, Corallina officinalis Linnaeus and encrusting Corallinaceae. All preference experiments, except those conducted with C. coliformis, used cut algal pieces approximately 3 mm in length and matched for area to ensure that each food type was encountered with equal probability. Small plants of C. coliformis were used whole and matched for wet weight with the Z. angustata pieces since it was not possible to match pieces for area. Very small individuals of all the epiphyte taxa, aproximating the size of the pieces used in the feeding experiments, were present on Z. angustata in the field.
Amphipod feeding in the field. The gut contents of Tethygeneia sp. and Hyale rubra collected from Zonaria angustata in the field were examined. Gut contents were dissected from animals fixed in formalin and placed onto slides for inspection under the compound microscope. To aid the identification of Z, angustata in the guts of amphipods, both Tethygeneia sp. and H. rubra were fed exclusively on this alga for 3 d in the laboratory, and their guts examined.
Ten plants, haphazardly collected from several rock pools on 18 September 1992, were examined under the dissecting microscope to estimate the extent of herbivore damage to Zonaria angustata in the field. On each plant, the proportion of all actively growing branches that displayed damage to their apices consistent with that of amphipod feeding in the laboratory was recorded.
Distribution of physodes and toughness in branch apices. The strong preference displayed by the amphipods for the new growth of Zonarja angustata could be explained by greater chemical or mechanical defence of the older growth. To test the first hypothesis, the pattern of damage by amphipods was compared with the distribution of physodes within the meristematic region of Z. angustata. The distribution of physodes was determined by light microscopy of hand sections from several plants, and from photomicrographs of a prepared section. The apical region was fixed in 2 % glutaraldehyde, 2 % paraformaldehyde and 1 % caffeine in a seawater buffer (0.1 M sodium cacodylate and 0.25 M sucrose). The tissue was postfixed in osmium tetroxide for 2 h after being washed in the buffer with decreasing concentrations of sucrose. The tissue was embedded in Spurr's resin after dehydration using acetone of increasing concentration (10% steps) with 3 changes at 100%. Longitudinal sections 2 pm thick were taken through the apical region with a Reichert Ultracut microtome. Physodes were distinguished by their dark-staining reaction with Os04 (Ragan & Glombitza 1986) .
Branch toughness of new and old growth were compared using a Chatillon automatic force recorder (model UTSE-2). Two sharpened metal blocks were driven past each other at a constant rate, cutting the algal branch cleanly. As the branch is cut, the force required and the distance moved by the block is recorded 15 times a second. From this information a force versus distance plot is obtained, with the maximum force required to break the alga being the difference between the force when the blocks first contact the alga and the force when the alga breaks. Nine replicate recordings were taken for both new and old growth, using separate branches from the same plant for each recording.
Statistical procedures. Data analyses were carried out using SYSTAT (Wilkinson 1990) . For ANOVA, the assumptions of normality and homogeneity of variance
RESULTS

Species composition of invertebrate fauna
A species-rich and abundant invertebrate fauna was associated with Zonaria angustata. A total of 1780 individuals, comprising 81 species from 11 animal phyla, was collected from 5 plants of Z. angustata. Up to 50 species and 450 individuals were found on single plants. The fauna was dominated numerically by gammaridean amphipods, harpacticoid copepods, gastropods and polychaetes.
The invertebrate fauna included several potential herbivores of Zonaria angustata. These were gammandean and capreiiid dmphipods, sphaercmatid isopods, nereid polychaetes, shrimps, trochid gastropods and dipteran larvae. In addition to those collected in the initial sampling process, idoteid isopods and the majid crabs were encountered regularly in small numbers from later collections.
The mesograzers chosen for the feeding preference experiments were the gammaridean amphipods Tethygeneia sp, and Hyale rubra, the 2 most abundant mesograzers inhabiting Zonaria angustata. Tethygeneia sp. was the most abundant invertebrate collected and individuals of this species comprised 33 % of all potential herbivores. H. rubra comprised 17 % of potential herbivores.
were checked using box plots and plots of residuals Feeding preference experiments versus means, respectively. Square root, logarithm or reflected transformations were made where appropriBoth Tethygeneia sp. and Hyale rubra readily fed on ate (Tabachnick & Fidell 1989) . The influence of outZonaria angustata in the laboratory, but their feeding liers was checked by repeating the analysis after their was almost entirely confined to the region of new removal. The significance level was taken as p < 0.05. growth just below and including the apical meristem.
A sharp boundary was always present between the region eaten and that avoided by the amphipods and the single row of apical meristematic cells was also often avoided (Fig. 1) . In the feeding preference experiments, Tethygeneia sp. and H. rubra both preferred new growth to old (Fig. 2a , Table 1 ). On rare occasions the old growth was eaten, mainly by large specimens of H. rubra. H. rubra was also observed to eat senescent tissue and the rhizoids that make up the holdfast in Z. angustata. Both amphipods readily ate decomposing tissue of Z. angustata. Zonaria angustata often supported a dense cover of epiphytes. Of the 5 epiphytes used in the feeding preference experiments, the amphipods readily ate Ulva rigida, Colpomenia peregrina and Chaetomolpha coliformis, but did not consume either of the coralline red algae Both Tethygeneia sp. and Hyale rubra preferred the new growth of Z. angustata to the epiphytic U. rigida (Fig. 2b, Table 1 ). C, peregrina was preferred to Z. angustata by both amphipods (Fig. 2c, Table 1 ). Amphipods, however, were not observed to eat intact plants of C. peregrina. Cutting the alga into squares, in order to offer the amphipods the same area as that of Z. angustata in the preference experiment, facilitated feeding by amphipods. No feeding preference between Z, angustata and C. coliformis was detected for either amphipod (Fig. 2d, Table 1) . It was not possible through transformations to achieve homogeneity of variance for the data set collected from the C. coliformispreference experiment. However, since the violation of this as- 
Distribution of physodes and toughness in branch apices
Amphipod feeding on the tissues of the apical region of Zonaria angustata branches was negatively correlated with the presence of physodes. The apical cells, often avoided by amphipods, have very dense deposits of physodes (Fig. 3) . The subapical cells, strongly preferred by amphipods, have few physodes, and those present are concentrated in the cortical cells. Further from the meristem, the region avoided by amphipods has many physodes in both the cortical and medullary cells.
The mean (* SD) maximum force required to cut the new growth was 1.05 * 0.61 N. This did not differ significantly from the mean Additional replicates, that would make the total for each treatment 20, were excluded from the analysis when the amphlpods died, consumed no algae, or consumed all of both pieces of algae sumption does not affect the reliability of a nonsignificant result (Underwood 1981) , it was safe to conclude that there was no preference. Obviously, Tethygeneia sp. and H. rubra preferred Z. angustata to both Corallina officinalis and encrusting Corallinaceae because these algae were not consumed (Fig. 2e , f , Table 1 ). Amphipod mortality in all preference experiments was very low, with only 9 amphipods dying from a total of 240 used.
DISCUSSION
Amphipod feeding preferences
The amphipods Tethygeneia sp. and Hyale rubra readily consumed their macroalgal host in the laboratory. Species of Hyale are common members of the invertebrate assemblages inhabiting macroalgae worldwide (Moore 1977 , Buschmann 1990 ), and they are Hay et al. 1988a ). Other amphipods in the family Hyalidae are important detritivores in a variety of habitats (Wildish 1988) . The feeding ecoIogy of Tethygeneia, a common genus inhabiting the algae of southern Australia (Edgar 1983) , has not previously been studied although Edgar (1992) believed that a species in Western Australian seagrass beds fed largely on decaying plant matter. Pontogeneia rostrata, also in the family Eusiridae, feeds on ephemeral and epiphytic algae (Brawley & Fei 1987) . The effect of herbivores on plants is not a simple function of the amount of tissue consumed because plant parts do not contribute equally to plant fitness (Rhoades 1979) . The amphipods strongly preferred the meristematic region at the apex of each branch of Zonaria angustata. This indicates that Tethygeneia sp. and Hyale rubra have the potential to affect their host greatly without consuming large amounts of tissue because the loss of meristematic tissue is more damaging than loss of an equivalent amount of nonmeristematic tissue.
Damage to the apical region of Zonaria angustata branches, consistent with amphipod feeding, was evident in the field and the proportion of branches damaged indicates that amphipods may be important herbivores of this alga. Tethygeneia sp. and Hyale rubra, however, do not appear to be specialised to feed on and inhabit Z. angustata as they were collected from a wide variety of macroalgae. Meristems were observed to regenerate on damaged branches, and therefore the impact of herbivores will depend on the time taken for (Arrontes 1990) , amphipods feeding on the red alga Hypnea spinella (Brawley & Adey 1981) , and for amphipods and idoteid isopods feeding on the red alga Chondrus crispus in algal cultures (Shacklock & Croft 1981) .
Small herbivores inhabiting macroalgae have the opportunity to feed on a variety of epiphytes in addition to their macroalgal host. In contrast to the common preconception (e.g. Bell 1991), Tethygeneia sp. and Hyale rubra did not consistently prefer the common epiphytes of Zonaria angustata ahead of the host plant itself. This preconception has been partly responsible for the neglect of mesograzers in algal ecosystems (Hay et al. 198813) . The predominance of epiphytes in the diets of invertebrate herbivores has also been questioned for the freshwater environment (Lodge 1991) . The variety of results in this study indicate that host-epiphyte preferences are probably due to characteristics of the individual epiphyte and host species.
The most common small epiphytes of Z, angustata in the field were small individuals of relatively large species, and not fast-growing filamentous species as often reported for other systems (e.g. Duffy 1990 ). It is important to note that the species composition of epiphytes may have been different for plants from which amphipods were excluded.
Two of the commonest epiphytes, Corallina officinalis and encrusting Corallinaceae, were not consumed by the amphipods, presumably due to their high toughness. Coralline algae are eaten by few herbivores (Steneck 1986 ) and consumption by mesograzers has not been reported. For the 3 epiphytes consumed in the preference experiments, 3 different results were obtained. Zonaria angustata was preferred by both amphipods to the epiphytic Ulva rigida. There is little reason to suggest that U. rigida would be unpalatable to herbivores since many studies report the routine consumption of Ulva spp. by amphipods (McGrouther 1983 , Buschmann 1990 ). Agnew & Moore (1986), however, found that U. lactuca was avoided by the amphipods Echinogammarus pirloti and E. obtusatus. Dean & Connell (1987) also found that Hyale frequens avoided Ulva spp. in habitat selection experiments despite its suitabihty as food for the amphipod. Herbivore feeding preferences do not always correlate closely with food quality (Bernays & Graham 1988) .
Pieces of Colpomenia peregrina were preferred by both amphipods to Zonaria angustata but neither were observed to feed upon the intact plant. Providing cut pieces of C. peregrina seemed to facilitate amphipod feeding. The amphipods were observed to feed from edges, therefore intact epiphytic C. peregrina, which has a round, globose form, may be a n unsuitable shape for amphipod feeding. Plants of C. peregrina were often damaged in the field, thus providing edges from which amphipods could feed. If only old plants are damaged, however, herbivory by amphipods may come too late to prevent any detrimental effects of the epiphyte on its host plant. The amphipods displayed no preference between feeding on Z. angustata or Chaetomorpha cohfomu's. Feeding on Chaetomorpha spp. by amphipods has been recorded previously, and there is no reason to suggest C, colifomis would be unpalatable to herbivores (McGrouther 1983 , Buschmann 1990 .
The feeding preference experiments in this study, along with most laboratory-based feeding studies, can only suggest what the animals might eat in the field (Brawley 1992) . These experiments had the artefacts of starving amphipods, using only large amphipods, using cut pieces of algae, and not offering the animals the full range of food types encountered in the field. Examination of the gut contents of field-collected amphipods confirmed that they did indeed eat macroalgae, including Zonaria angustata, but could not indicate their feeding preferences.
Within-plant variation and herbivory
In addition to their abundance and rates of consumption, the way in which mesograzers consume plants is of great importance for predicting their effects on plant fitness. Amphipods did not treat different parts of Zonaria angustata equally due to variation in the physical or chemical nature of tissues within Z. angustata.
Differences in toughness between new and old growth near the branch apex could not explain the distinctive pattern of amphipod damage to the apical region of Zonaria angustata. Although the force recorder did not closely mimic the complex feeding action of herbivorous amphipods (McGrouther 1983) , it did indicate the relative toughness between new and old growth. A sudden increase in branch toughness would have been required to explain the sharp boundary between the region of new growth eaten and the tissue avoided. Toughness of algal tissue can vary considerably within (Johnson & Mann 1986) and between species (Steneck & Watling 1982) . Small differences in algal toughness may be important in determining the feeding preferences of mesograzers due to the small size of these herbivores. Toughness, however, cannot be separated from chemical properties of the alga and both are likely to act together in determining feeding preferences (Paul & Hay 1986 ). Duffy & Hay (1991b) found that differences in toughness between algal species were unrelated to the feeding preferences of the amphipod Arnpithoe longimana.
Consumption of Zonaria angustata by amphipods was negatively correlated with the density of physodes in the tissues close to the branch apex. Phlorotannins present in the physodes of brown algae have been shown to frequently deter herbivores, including amphipods, in temperate North America (Denton & Chapman 1991 , Steinberg 1992 . In Australia, however, the role of phlorotannins as defences is less clear, with herbivorous gastropods and urchins largely unaffected by high phlorotannin levels in their diets (Steinberg & Van Altena 1992) . The effects of phlorotannins on mesograzers in Australia, however, has not been investigated. Although no causal relationship has been demonstrated, the distribution of physodes in the apical region of Zonana angustata strongly suggests that the pattern of amphipod feeding is a result of within-plant variation in secondary chemistry. The avoidance of the meristem cells is clearly correlated with physode density. Differences in the nutritional value of the apical tissues, not tested in this study, may be also be important. Despite the problems with quantifying the levels of phlorotannins from physode densities, tissues rich in physodes clearly have higher concentrations than those with few physodes (Ragan & Glombitza 1986) . The acylphloroglucinol derivative found in Z. angustata (Blackman et al. 1988 ) may influence amphipod feeding and be localised in physodes because both t h s metabolite and phlorotannins are chemically derived from phloroglucinol. In contrast to phlorotannins, little is known about the subcellular localisation of smaller secondary metabolites (Hay & Fenical 1988) .
With the assumptions that plant defences are costly, and that plants will allocate defences to maximise fitness, plant defence theory predicts greater allocation of defences to tissues that are most valuable in terms of plant fitness (Rhoades 1979) . Thus, theory predicts highest allocation of defences to meristematic regions, external tissues and reproductive tissues. The high density of physodes in the apical meristem cells of Zonana angustata supports this prediction. High concentrations of secondary metabolites, relative to the rest of the plant, have also been found in the apical meristems of Neorhodomela larix (Phillips & Towers 1982) , HaLimeda spp. (Paul & Van Alstyne 1988) , and Macrocystis angustifolia (Tugwell & Branch 1989) , and in the intercalary meristems of Ecklonia maxima, Larninaria pallida (Tugwell & Branch 1989) and L. longicruris (Johnson & Mann 1986) . High densities of physodes in the apical cells, as observed in Z. angustata, are also present in algae from the order Sphacelariales (Clayton 1990 ).
Phillips & Clayton (1991) suggested that phlorotannins in the physodes found in a sterile outer layer of cells in the antheridia of Zonaria angustata may serve to protect these reproductive structures. This view is supported by the observation that the amphipods inhabiting Z. angustata sometimes avoid feeding on the single row of apical meristem cells. A single row of physode-rich cells, therefore, has the potential to protect the antheridia from small herbivores. Some mesograzers, including species of Hyale, have been reported to feed preferentially on algal reproductive tissues (Buschmann & Santelices 1987) . In contrast to the allocation of defences to meristems, the allocation to reproductive tissues in algae has not always been consistent with the predictions of defence theory (Steinberg 1992) .
Little is known about the within-plant variation of secondary compounds in algae and how it influences feeding by herbivores (Hay & Steinberg 1992) . Too often, algae have been viewed as homogeneous food sources for herbivores (Lubchenco & Gaines 1981) . Consideration of within-plant variation is important for several reasons. Obviously, if the plant is heterogeneous, the choice of plant part used in feeding studies may dramatically influence results. The many chemical studies of the secondary compounds of algae have rarely noted which sections of the plant have been assayed. It is therefore difficult to predict what concentrations of secondary compounds the herbivores naturally encounter. Average concentrations, taken from all tissues combined, are of little use since most herbivores do not eat entire plants. The few studies addressing within-plant variation have used mostly large brown algae and have considered differences between broad tissue types (e.g. Johnson & Mann 1986 , Tugwell & Branch 1989 . At a finer scale, however, Carlson et al. (1989) found considerable variation in the concentrations of 2 bromophenols in the red alga Neorhodomela larix. Bromophenol concentrations often varied by an order of magnitude in adjacent 1 cm lengths of thallus. Given this variation, ecologists clearly must consider the same divisions between plant parts that the herbivores do (Janzen 1979) .
Within-plant variation in secondary chemistry, toughness or value as food is also of ecological significance if it influences the relative susceptibility of different plant parts to herbivores. For example , Johnson & Mann (1986) showed grazing of the kelp Laminaria longicruris by the gastropod Lacuna vincta to be concentrated on the blade margins which were low in phlorotannins and less tough than other regions of the plant. This pattern of damage affected the kelp canopy but did not significantly increase kelp mortality. If grazing was evenly distributed on the plant, the meristem regions (high in phlorotannins) would have been damaged and extensive mortality would have occurred (Johnson & Mann 1986) . Within-plant variation in secondary chemicals, however, will not always correlate with herbivore feeding preferences. Meyer & Paul (1992) showed that although upright portions of Caulerpa spp. had higher concentrations of the secondary metabolite caulerpenyne than did horizontal portions, the greater concentrations did not deter herbivorous fish.
In Zonaria angustata the within-plant variation in secondary chemistry occurs over a very small spatial scale, just a few millimetres. Such variation can influence the feeding of mesograzers due to their small size and ability to feed selectively at similarly small scales. They may exploit small regions of plant tissue with low levels of secondary chemicals that are unavailable to larger herbivores. Similar selectivity over a small scale has been shown for leaf-galling aphids, which preferentially position their gall in leaf parts low in phenolics (Zucker 1982) . Hay et al. (1987) proposed that mesograzers feeding on algae could be ecologically similar to insects on terrestrial plants in that they live on the plants they eat, are susceptible to high rates of predation, and may reduce this predation by association with chemically defended plants. One similarity, previously ignored, is the way in which these herbivores can exploit their host plants. Their small body size enables selection of plant tissues on a very different scale to that of larger herbivores. Herbivorous mammals may select between leaves on a branch, while small herbivores, such as leaf-mining insect larvae, select between layers of cells within the leaf. This study suggests that small, marine herbivores are able to feed at similar scales, consuming only 1 tissue type and selecting plant parts at almost a cellular level. Given the different value of plant parts to plant fitness, the distribution of herbivore feeding among plant parts is crucial to understanding the effects of herbivores on plants. Steinberg (1992) has reminded us to heed Janzen's (1979) warning that herbivores eat plant parts, not species and genera. I would add to this the reminder that small herbivores eat even smaller plant parts, and that the interaction between mesograzers and algae must be considered at the small scale of these herbivores. Their importance as herbivores will depend not only on their abundance and feeding preferences between species, but on their selection between tissues within individual plants.
